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$W HYHU\ VDPSOLQJ LQVWDQW WZRYHFWRUV DUH VHOHFWHG IRU WKH
WKUHHSKDVH96,7KHILUVWVHOHFWHGYHFWRUvinv(1)DSSOLHGWKURXJK
WKHVZLWFKLQJVWDWHVܵ ଵ௫ଵ ܵଶ௫ଵ LVWKHRQHDSSOLHGDWWKHHQGRI
WKHSUHYLRXVVDPSOLQJLQWHUYDOLWLVFDOFXODWHGRQWKHEDVLVRI
WKH FXUUHQW DQG YROWDJH SUHGLFWLRQV DW WLPH LQWHUYDO k DQG
VHOHFWLQJ WKHYHFWRU WKDWPLQLPLVH WKHFRVW IXQFWLRQG1 $W WKH
IROORZLQJVDPSOLQJSHULRG
௙݅௫ሺ݇ ൅ ʹሻ ൌ ൬ͳ െ ோ೑ ೞ்௅೑ ൰ ݅௙௫ሺ݇ ൅ ͳሻ ൅
ೞ்
௅೑
ሾ ଵܵ௫ଵ ሺ݇ ൅ ͳሻݒ஼ଵሺ݇ ൅
ͳሻ െ ܵଶ௫ଵ ሺ ൅ ͳሻݒ஼ଶሺ݇ ൅ ͳሻ െ ݒ௫ேሺ݇ ൅ ͳሻሿ

ݒ௫ேሺ݇ ൅ ͵ሻ ൌ ݒ௫ேሺ݇ ൅ ʹሻ ൅ ௦ܶܥ௙ ൣ ௙݅௫ሺ݇ ൅ ʹሻ െ ݅௫ሺ݇ ൅ ʹሻ൧
ܩଵ ൌ ෍ ȁݒ௫ேሺ݇ ൅ ͵ሻ െ ݒ௫ேכሺ݇ ൅ ͵ሻȁଶ
௫ୀ௔ǡ௕ǡ௖


ZKHUHWKHUHIHUHQFHVYROWDJHVDUH

ݒ௔ேכሺ݇ ൅ ͵ሻ ൌ ෠ܸ௔כ ݏ݅݊ሺߠ ൅ ͵߱ ௦ܶሻ
ݒ௕ேכሺ݇ ൅ ͵ሻ ൌ ෠ܸ௕כ ݏ݅݊ ൬ߠ ൅ ͵߱ ௦ܶ ൅
ʹߨ
͵ ൰
ݒ௖ேכሺ݇ ൅ ͵ሻ ൌ ෠ܸ௖כ ݏ݅݊ ൬ߠ ൅ ͵߱ ௦ܶ ൅
Ͷߨ
͵ ൰
7KHVHFRQGYHFWRUvinv(2)LVFKRVHQEHWZHHQWKHRWKHUDYDLODEOH
YHFWRUVRQWKHEDVLVRI WKHFXUUHQWDQGYROWDJHSUHGLFWLRQVDW
WLPHLQWHUYDOkDQGVHOHFWLQJWKHYHFWRUWKDWPLQLPLVHWKHFRVW
IXQFWLRQG2 DWWKHIROORZLQJVDPSOLQJSHULRG
௙݅௫ሺ݇ ൅ ʹሻ ൌ ൬ͳ െ ோ೑ ೞ்௅೑ ൰ ݅௙௫ሺ݇ ൅ ͳሻ ൅
ೞ்
௅೑
ሾ ଵܵ௫ଶ ሺ݇ ൅ ͳሻݒ஼ଵሺ݇ ൅
ͳሻ െ ܵଶ௫ଶ ሺ ൅ ͳሻݒ஼ଶሺ݇ ൅ ͳሻ െ ݒ௫ேሺ݇ ൅ ͳሻሿ
ݒ௫ேሺ݇ ൅ ͵ሻ ൌ ݒ௫ேሺ݇ ൅ ʹሻ ൅ ௦ܶܥ௙ ൣ ௙݅௫ሺ݇ ൅ ʹሻ െ ݅௫ሺ݇ ൅ ʹሻ൧
ܩଶ ൌ ෍ ȁݒ௫ேሺ݇ ൅ ͵ሻ െ ݒ௫ேכሺ݇ ൅ ͵ሻȁଶ
௫ୀ௔ǡ௕ǡ௖


/RDGFXUUHQWVSUHGLFWLRQVixDUHFDOFXODWHGIRUWLPHVLQVWDQWk
DQGkXVLQJH[WUDSRODWLRQLQ>@7KHWLPHLQWHUYDOVt1DQGt2
IRU WKH WZR YHFWRUV DUH FDOFXODWHG E\ VROYLQJ WKH IROORZLQJ
OLQHDUV\VWHPRIHTXDWLRQV
ە
۔
ۓݐଵ ൌ
௄
ீభ
ݐଶ ൌ ௄ீమ
ݐଵ ൅ ݐଶ ൌ ௦ܶ

2QFH FDOFXODWLQJ WKH YDOXH RI K IURP  WKH IROORZLQJ
H[SUHVVLRQVRIWKHVZLWFKLQJWLPHVDUHREWDLQHG
ݐଵ ൌ ௦ܶ
ܩଶ
ܩଵ ൅ ܩଶ ݐଶ ൌ ௦ܶ െ ݐଵሺͻሻ
7KH FRQWURO RI WKH $FWLYH 6SOLW '&EXV FRQILJXUDWLRQ LV
DFKLHYHG E\ PDLQWDLQ EDODQFHG YROWDJHV DFURVV WKH VSOLW
FDSDFLWRUV 7R WKLV DLP WKH IROORZLQJ FXUUHQW DQG YROWDJH
SUHGLFWLRQVDUHXVHGWRPLQLPL]HWKHFRVWIXQFWLRQGn
௙݅௡ሺ݇ ൅ ͳሻ ൌ ቆͳ െ ௙ܴ ௦ܶܮ௙ ቇ ௙݅௡ሺ݇ሻ
൅ ௦ܶܮ௙ ሾ ଵܵ௡ሺ݇ሻݒ஼ଵሺ݇ሻ െ ܵଶ௡ሺ݇ሻݒ஼ଶሺ݇ሻሿ
ݒ஼ଶሺ݇ ൅ ͳሻ ൌ ݒ஼ଶሺ݇ሻ ൅ ௦ܶܥଵ ൅ ܥଶ ൣܵଶሺ݇ሻ݅௙௡ሺ݇ሻ െ ݅௡ሺ݇ሻ൧
ܩ௡ ൌ ȁݒ஼ଵሺ݇ ൅ ʹሻ െ ݒ஼ଶሺ݇ ൅ ʹሻȁ 
,9 +$5':$5(5($/,=$7,21$1'5(68/76
7KHSURSRVHGFRQWUROVWUDWHJ\KDVEHHQYHULILHGDWILUVWE\D
VSHFLILFVLPXODWLRQPRGHOGHYHORSHGLQ3/(&6HPSOR\LQJWKH
IROORZLQJPDLQSDUDPHWHUVZLWKUHIHUHQFHWRILJXUHVDQG
Rf P:Lf P+Cf P)WUDSILOWHUVWXQHGDWN+]
DVWKH96,VZLWFKLQJIUHTXHQF\Ts PVLd P+Cd 
P)DQGRd :)LJXUHDQG)LJXUHVKRZQWKHEHKDYLRU
RI WKHFRQYHUWHU UHVSHFWLYHO\ LQ WKH FDVHRIDQXQEDODQFHG
SKDVHUHVLVWLYHORDGN:N:N:DQGZKHQDVLQJOHSKDVH
GLRGHUHFWLILHUORDGLVDSSOLHGRQSKDVHa7KHSKDVHWRQHXWUDO
YROWDJHVZDYHIRUPV SUHVHQW D JRRG KDUPRQLF FRQWHQWZLWK D
7+' YDOXH ORZHU WKDQ  OLPLW LPSRVHG E\ ,(& 
HYHQZKHQDQXQEDODQFHGQRQOLQHDUORDGLVDSSOLHG
([SHULPHQWDOWHVWVKDYHEHHQWKHQSHUIRUPHGRQWKHIRXUOHJ
KDUGZDUHVHWXSVKRZQLQ)LJXUHZLWKWKHRXWSXWSRZHUILOWHU
GHSLFWHG LQ )LJXUH  DQG HPSOR\LQJ WKH VDPH RSHUDWLQJ
FRQGLWLRQV DV LQ VLPXODWLRQ 7KH FRQWURO DOJRULWKP KDV EHHQ
LPSOHPHQWHGLQD3('%RDUGVKRZQLQ)LJXUHRQWKHWRSRI
WKHFRQYHUWHU7KH3('%RDUGZKLFKLVEDVHGRQWKH1DWLRQDO
,QVWUXPHQWV 6\VWHPRQ0RGXOH VE5,2 KDV EHHQ
GHVLJQHG ZLWK GHGLFDWHG SHULSKHUDOV VSHFLILFDOO\ IRU SRZHU
HOHFWURQLFVDQGGULYHVDSSOLFDWLRQV1,VE5,2KDVDGXDO
FRUH$50SURFHVVRUDQGDQ$UWL[)3*$)3*$PDQDJHVWKH
RQERDUG $'&V UHVROYHU ZKHQ QHHGHG 3:0 XQLW DQG
VFKHGXOHU&$1EXVFRPPXQLFDWLRQDQG'$&VLQWHUIDFH7KH
5HDO7LPHWDUJHWLH WKH$50SURFHVVRU WDNHV LQWRDFFRXQW
WKH ZKROH H[WHUQDO FRPPXQLFDWLRQ VWUXFWXUH IRUZDUGLQJ DQG
UHFHLYLQJ WKH FRUUHVSRQGLQJ FRPPDQGV DQG GDWD WRIURP WKH
)3*$5HVXOWVKDYHEHHQDFKLHYHGLPSOHPHQWLQJWKHLOOXVWUDWHG
FRQWUROVWUXFWXUHZLWKDGLVFUHWL]DWLRQIUHTXHQF\VWHSHTXDOVWR
WKHLQYHUWHUVZLWFKLQJIUHTXHQF\
)LJXUH/LQHDUXQEDODQFHGORDG


)LJXUH1RQOLQHDUVLQJOHSKDVHGLRGHUHFWLILHUORDG

)LJXUH)RXUOHJ96,FRQYHUWHUSURWRW\SH


)LJXUH,QYHUWHURXWSXWSRZHUILOWHU

)LJXUH/LQHDUEDODQFHGORDGVWHS$GLY9GLY

)LJXUH  1RQOLQHDU VLQJOH SKDVH GLRGH UHFWLILHU ORDG VWHS
$GLY9GLY
7KH RXWSXW YROWDJHV EHKDYLRU ZLWK OLQHDU EDODQFHG ORDG LV
VKRZQLQ)LJXUHZKHUHWKHORDGLVVXGGHQO\FKDQJHGIURPQR
ORDGFRQGLWLRQWRDURXQGN:SHUSKDVH,WFDQEHQRWLFHGWKH
FRQWURO JRRG SHUIRUPDQFH HYHQ ZKHQ WKH ORDG LV FRQQHFWHG
FORVH WR WKH SKDVH YROWDJH SHDN YDOXH ZKLFK UHSUHVHQWV WKH
ZRUVW FRQGLWLRQ 3HUIRUPDQFH RI WKH 03& DOJRULWKP ZLWK
XQEDODQFHG QRQOLQHDU ORDGV DUH VKRZQ LQ )LJXUH ZKHUH D
VLQJOHSKDVHGLRGHUHFWLILHUKDVEHHQFRQQHFWHGEHWZHHQSKDVH
$DQGWKHRXWSXWQHXWUDOFRQQHFWRU$VVRRQDVWKHORDGLVIHG
WKHRXWSXWYROWDJHVZDYHIRUPSURYHV WKH HIIHFWLYHQHVVRI WKH
03&VWUDWHJ\EHLQJDEOHWRIDVWFRPSHQVDWHERWKKDUPRQLFV
DQGYROWDJHGURS
&21&/86,216
7KHSDSHU LQYHVWLJDWHV WKHDSSOLFDWLRQRIPRGXODWHG0RGHO
3UHGLFWLYH &RQWURO 03& VWUDWHJ\ D FRQVWDQW VZLWFKLQJ
IUHTXHQF\ YDULDQW RI WKH)LQLWH&RQWURO 6HW0RGHO 3UHGLFWLYH
&RQWURO)&603&WRFRQWURODOHJ96,KDYLQJDQ$FWLYH
6SOLW '&EXV RQ WKH IRXUWK OHJ DQG XVHG WR VXSSO\ ERWK
XQEDODQFHGDQGQRQOLQHDUHOHFWULFDOXWLOLW\ORDGV7KH03&
UHWDLQV DOO WKH GHVLUDEOH FKDUDFWHULVWLFV RI)&603& VXFK DV
IDVW G\QDPLFV HDV\ LQFOXVLRQ RI PRGHO QRQOLQHDULW\ DQG
FRQWURO FRQVWUDLQWV PXOWLREMHFWLYH UHJXODWLRQ LQ RQH VLQJOH
ORRS+RZHYHULWLPSOHPHQWVDFRQVWDQWVZLWFKLQJIUHTXHQF\
DOORZLQJ LWV XVH LQ SRZHU VXSSOLHV ZKHUH RXWSXW ILOWHUV DUH
VSHFLILFDOO\GHVLJQHGWRDFKLHYHDORZRXWSXWGLVWRUWLRQRIWHQ
LQFOXGLQJ VZLWFKLQJ WUDSV OLNH LQ WKH FDVH RI WKLV ZRUN
6LPXODWLRQDQGH[SHULPHQWDOWHVWVKDYHYDOLGDWHGWKHSURSRVHG
PHWKRG
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